Because controversy surrounds the management of
Juvenile rheumatoid arthritis (JRA) can exert a devastating and widespread effect on hips at risk. Numerous long-term reviews show the high incidence of progressive degeneration that ultimately affects most of these patients [1] . A retrospective analysis of 386 JRA hips by Jacobsen, Crawford, and Broste [2] showed these destructive changes lead to poor overall outcomes. Chronic pain and loss of function ensue, and the consequent morbidity is magnified further in a population vulnerable to altered or delayed psychosocial development.
The treatment dilemma surrounds the peculiarities of the JRA population-young age, abnormal pelvic and femoral anatomy, contractures, and polyarticular involvement. The youth of these patients warrants a cautious approach and an emphasis on efforts maximizing joint preservation. Nonarthroplasty alternatives, such as synovectomy or osteotomy, have yielded historically inconsistent results, however, and no longer are indicated in end-stage hip disease. Despite the implicit risk of future revisions, prosthetic reconstruction has emerged as the most predictable form of treatment.
Total hip arthroplasty (THA) provides reliable functional improvement [3] [4] [5] [6] [7] . Questions surround the long-term durability of these components, however, especially on the acetabular side. Rates of failure or loosening of cemented cups are 25% to 60% in long-term follow-up [7] [8] [9] [10] [11] [12] . Long-term results of cementless sockets are not yet available. Bone-sparing strategies not involving a fixed acetabular component may represent a reasonable reconstructive alternative. Early reports of endoprostheses described early short-term success but raised secondary issues of potential migration with bone deficiencies, osteolysis, and unreliable pain relief [13, 14] . In response to the uncertainties regarding the lasting effects of hemiarthroplasty in JRA, we report the long-term results and complications of patients after bipolar reconstruction.
Materials and Methods
From 1983 to 1990, 24 consecutive patients with JRA underwent a total of 39 hip primary bipolar hemiarthroplasties at the Brigham and Women's Hospital. Data were collected by an independent Total Joint Registry and surgeons not directly involved in the index procedure. The charts and radiographs of these patients were retrospectively reviewed. All patients were available for follow-up and included in analysis until the time of revision or death. Follow-up averaged 12.2 Ϯ 3.8 years (range, 3 to 15 years).
Patients included 6 males and 18 females with a mean age of 22 Ϯ 9 years (range, 11 to 51 years), mean height of 61 cm (range, 49 to 70 cm), and mean weight of 106 lb. (range, 91 to 143 lb.). All patients complained of symptoms refractory to medical management, and 3 patients (4 hips) already had failed prior hip surgery, including synovectomy or osteotomy. Nearly all patients were handicapped with severe polyarticular disease. Of 24 patients, 22 (92%) were classified as Charnley class C, and most had undergone or soon underwent additional prosthetic reconstructions in other large joints.
Clinical outcomes were measured using the Harris hip score. Only the subset of patients with retained components were able to be included in clinical and radiographic follow-up; hips that were revised were defined as failures. Preoperative radiographs were studied for the extent of degenerative changes and protrusio. Serial standard anteroposterior pelvis and hip films were used for comparative evaluation of migration, graft incorporation and resorption, and loosening using Mueller templates. Determination of loosening and migration were per methods previously well described by Wilson and Nikpoor et al [15] , O'Neill and Harris [16] , and Engh, Bobyn, and Glassman [17] . Estimated survival was calculated using a Kaplan-Meier survivorship model at 10 and 12 years and defined as freedom from failure by either revision surgery or definite loosening.
Procedure
Surgery was done on 21 right and 18 left hips. Nine patients underwent unilateral hemiarthroplasty, and 15 patients had either same-day or staged bilateral surgery spaced 10 to 14 days apart. A standard posterolateral approach was used in all cases, with 11 exposures augmented with trochanteric osteotomy. Complete capsulectomy was done in all cases, and 4 hips had additional iliopsoas release.
Notable portions of acetabular preparation include removal of remaining arthritic cartilage with gentle reaming and preservation of subchondral bone. Morcellized femoral head autograft was used in 26 hips, with additional morcellized allograft needed in 7 hips. No bulk allograft was used, and 13 hips did not require acetabular grafting. A Stryker Howmedica Osteonics (Allendale, NJ) Bipolar Cap was chosen to achieve either press fit or line-to-line fit, and intraoperative radiographs often were used to verify maximal filling of the acetabulum. Femoral stem fixation involved 35 uncemented and 4 cemented components. Custom components were necessary in 8 hips. Cementing techniques were second generation.
Statistical Analysis
Estimated survivorship rates at 5, 10, and 12 years were determined using the Kaplan-Meier method with 95% confidence intervals based on Greenwood's formula, and subgroups were compared by the log-rank test [18] . Time-related univariate and multivariate analysis was done using the Cox proportional hazards regression model with failure as the outcome variable [19] . A forward stepwise procedure was used to identify the independent predictors of bipolar arthroplasty failure by examining 12 variables simultaneously: age at surgery, gender, side, unilateral versus bilateral arthroplasty, Charnley class, follow-up mobility, acetabular grafting, preoperative protrusio, integrity of the subchondral plate, inner bearing head diameter, femoral stem type, and cemented versus uncemented fixation. The risk ratio and 95% confidence intervals were calculated to assess the annual risk of failure for each significant multivariate predictor.
Preoperative and postoperative outcomes, including pain and function scores and Harris hip scores, were evaluated by paired t-tests. Radio-graphic outcomes including superior and medial position and acetabular wall thickness were evaluated using repeated-measures analysis of variance followed by Bonferroni-adjusted paired t-tests for evaluating changes between preoperative, postoperative, and follow-up values. Because all clinical and radiographic outcome variables followed a normal distribution as assessed by the KolmogorovSmirnov goodness-of-fit test [20] , values are presented in terms of the mean and SD. Two-tailed P values Ͻ.05 were considered statistically significant for all comparisons. Statistical analysis was conducted using the SAS (version 6.12; SAS Institute, Cary, NC). A power analysis indicated that a sample size of 30 hips would provide 90% power (␤ ϭ 0.10, ␣ ϭ 0.05) for detecting a difference of 1 SD (effect size of 1.0) between preoperative and postoperative values for each of the clinical and radiographic outcome variables using multiple paired t-tests with a Bonferroni correction (version 4.0, nQuery Advisor; Statistical Solutions, Boston, MA).
Results
Bipolar hemiarthroplasty led to a statistically significant improvement in clinical outcomes in surviving hips (PϽ.001). Outcomes related to pain and function improved by a mean of 28 and 4 points ( Table 1) . Overall Harris hip scores improved by a mean Ϯ SD of 40 Ϯ 22 points.
Preoperatively, nearly all patients complained of significant pain. Four patients were totally disabled, and 20 had marked-to-moderate symptoms. Longterm follow-up of 25 surviving hips in 14 patients revealed statistically significant relief of pain (PϽ .001), with 13 of 14 patients (93%) having mild or no pain. The 1 patient (1 hip) with moderate pain persisting in follow-up had improved 20 points from her preoperative condition (from 0 to 20).
Mobility in patients with surviving hips, defined by ambulatory distance and the need for assistive devices, showed limited gains. Preoperatively, 5 patients were unable to walk, 4 patients were limited to the home, 11 were limited community ambulators, and 4 patients considered their walking unlimited. For assistance, 15 required either a wheelchair or 2 crutches, and 8 patients used either a cane or no device at all. In follow-up of surviving hips, 2 patients remained unable to walk and required wheelchairs. Of these, 1 patient was mentally retarded and completely dependent in all activities of daily living, and the other had bilateral hip and bilateral knee arthroplasties with a severe spinal scoliosis. Two patients were unlimited community ambulators, and the remaining 10 patients were able to walk 2 to 6 blocks. Only 1 patient reported deterioration in mobility from 6 blocks down 2 blocks. Of ambulatory patients, 4 used 2 crutches, and 8 patients needed either a cane or no aid at all.
Radiographic Results
Preoperative radiographs of 1 patient (2 hips) had been destroyed and were unavailable for review. Preoperative radiographic findings in 37 hips showed 23 hips (62%) with an intact subchondral plate, 24 hips (65%) with femoral head changes consistent with osteonecrosis, and 14 hips (38%) with protrusio deformity.
All acetabula that had been grafted showed radiographic evidence of incorporation. Postoperative analysis of all hips revealed an initial statistically significant improvement in the center of rotation to a more anatomic inferolateral position (PϽ.01) (Table 2). Only 1 patient had an early worsening of acetabular position. This worsening was noted in a radiograph taken 2 years after surgery in a patient with rapid osteolysis, femoral stem loosening, and recurrent protrusio. Long-term comparisons in surviving hips were remarkable, however, for a loss of correction and medial wall thickness (PϽ.01). The bipolar heads shifted over time toward the original preoperative position; Table 2 details the extent of recurrent superior and medial migration in these hips as measured with Mueller templates (Fig. 1) . Follow-up of 25 surviving hips revealed recurrent protrusio in 7 hips (28%). All of these occurred in patients who had preoperative protrusio deformity. In contrast, of the 14 hips that underwent revision, there was significant erosion of the acetabulum with central bone loss. Although protrusio in this subset was as extensive as preoperative deficiencies, there were no cases of major column defects or pelvic discontinuities. Bead shedding was notably prevalent in 1 specific type of stem, the Stryker Howmedica Osteonics HS2P stem. Of 13 components, 11 (85%) showed shedding of the proximally porous-coated surface. Serial radiographs in these particular hips were remarkable for progressive loosening of femoral components and associated with significant acetabular osteolysis (Fig. 2) . This small subset of components also accounted for 10 of the 14 failures (71%) ending in revision. Of the remaining 3 HS2P stems not revised, 1 showed bead shedding with femoral loosening at the time of the patient's death, and the remaining 2 stems were stable in 1 patient who died at 7 years. No other surviving femoral components showed radiographic signs of failure.
Survivorship and Risk Factors
Survivorship estimates were based on KaplanMeier product-limit models using as endpoints revision (14 hips) and radiographic loosening (1 hip). Predicted survivorship rates at 10 and 12 years for all hips were 78% and 72% (Table 3) . Stratification according to prosthesis showed a significantly higher rate of failure for HS2P patch porous-coated stems compared with all other stems (log-rank test ϭ 24.46; PϽ.001). Notably, predicted 10-and 12-year survivorship rates for HS2P stems were 47% and 28% compared with 95% and 90% for all other stems (Figs. 3 and 4) .
Presumed risk factors for clinical and radiographic failure included 11 different variables (Table 4). Univariate analysis indicated that type of stem, older age, and unilateral joint arthroplasty were significantly associated with failure. The mean age of the 15 failures was 26 years compared with 18 years for surviving hips. Multivariate analysis of these 11 variables using the Cox proportional-hazards model revealed 3 statistically significant independent risk factors for failure. The annual estimated risk of failure was 30 times higher for Significant reduction in superior and medial bipolar cup position and an increase in acetabular wall thickness after surgery (PϽ.01 in each case).
Significant recurrent bipolar cup superior migration and decrease in acetabular wall thickness at follow-up (PϽ.01 in each case). No significant differences were found for preoperative versus follow-up for any of the radiographic parameters. unilateral hemiarthroplasties, 25 times higher for the HS2P stem, and 10 times higher for hips in need of grafting. Even based on the lower limits of the 95% confidence intervals, an estimated annual risk of failure of 3-to 12-fold higher was found for these predictors (Table 4) . Age was not found to be a predictor of failure in multivariate analysis. Of the 11 patients who underwent a total of 14 revisions to THA, the indication for surgery was progressive migration with acetabular lysis and femoral loosening in 12 hips (86%) and acetabular osteolysis in 2 hips (14%). Revision to a fixed acetabular component was mostly straightforward. Cementless hemispherical components with screw fixation were used in all cases, with 12 hips (86%) augmented with morcellized allograft (Fig. 5) . One bulk allograft was used in a case with a central cavitary defect, and 1 hip did not require grafting. The sizes of the sockets ranged from 46 to 54 mm.
On the femoral side, 13 components (93%) were exchanged, and 1 (7%) was left in situ. Revised femoral components included 8 extensively porous-coated stems, 3 long-stem modular proximally porous-coated stems, and 2 cemented stems. Two cases required additional onlay grafting for femoral defects related to osteolysis and cortical thinning.
There were few overall complications. One patient suffered an acute perioperative dislocation that was successfully reduced. There were no further dislocations or any other cases of instability overall. Another patient developed a superficial wound infection that resolved with wound care and antibiotics alone. There were no cases of deep infection. One nondisplaced femoral fracture was identified intraoperatively and treated with cerclage wiring, which resulted in no lasting sequelae. Late complications included 1 case of recalcitrant trochanteric bursitis in a patient who had undergone wiring of a trochanteric osteotomy. This patient underwent removal of hardware several years later. All trochanteric osteotomies healed. Three patients (5 hips) died during the follow-up period at 7, 8, and 11 years after the original surgery. Causes of death included suicide in 1 patient and sepsis unrelated to the index procedure in 2 patients.
Discussion
Despite the risks inherent in primary prosthetic replacement in young patients, THA nevertheless has become the gold standard for treating end-stage disease [21] . Unremitting pain is the most significant and debilitating complaint and carries farreaching consequences in terms of social adjustment and emotional development. As the primary indication for reconstruction, THA offers a proven, reliable relief of symptoms in these patients. Numerous studies report successful clinical outcomes in cemented and cementless components. In a longterm follow-up of cemented components, Chmell, Scott et al [8] reported 35 of 55 hips (76%) to be pain-free and no patients having pain severe enough to restrict activity at a minimum of 11 years. Maric and Haynes [22] noted slight to no pain in all 17 hips (100%) at a mean of 9.3 years. In more limited follow-up of cementless components, Haber and Goodman [23] found that 27 of 29 patients (93%) had no pain at a mean of 53 months, and Witt, Swann, and Ansell [9] and Lachiewicz [6] reported dramatic improvements in overall hip pain scores with the Hospital for Special Surgery scoring system.
The clinical efficacy of bipolar hemiarthroplasty in relieving symptoms has raised concerns, however. Studies of more active patients with osteoarthritis, osteonecrosis, or femoral neck fracture treated with hemiarthroplasty reveal a high incidence of postoperative hip pain [24, 25] . Our findings suggest, however, that patients suffering from JRA may be a unique population. In our long-term follow-up of surviving hips, 93% of patients reported having mild to no pain at all. Four patients (29%) continued to have significant symptoms but reported a comparatively lasting benefit. Pain relief after hemiarthroplasty also is recorded in other populations limited by inflammatory arthropathy. In other series examining the results of acetabulum-preserving surgery, early short-term reports by Mogenson and Ekelund et al [26] revealed that 16 of 17 hips in JRA patients treated with surface arthroplasty were pain-free at 2 years, and Willems, Rozing, and Macfarlane [27] presented similar findings in 11 patients after double-cup arthroplasty. Vazquez-Vela [28] reported that 100 of 114 cases (88%) with rheumatoid arthritis had good-to-excellent results, and Bhan and Malhotra [29] found good results in all 19 cases of ankylosing spondylitis treated with bipolar procedures, stating that bipolar hip arthroplasties are "ideally suited for young patients" with ankylosing spondylitis. Despite the relative gains after hemiarthroplasty seen in surviving hips, the overall Harris hip scores in our patients fall short of those in JRA patients treated with THA. Although it is difficult to compare patient populations, numerous authors have reported mean Harris hip scores ranging from 78 to 91 after total joint arthroplasty in these patients [6, 23] versus a mean of 68 in our group. We noted that gains in function and mobility were limited. The 2 patients unable to walk before surgery were still unable to walk in follow-up, and 4 additional patients (29%) still required 2 crutches. Preoperative expectations regarding mobility and independence in paitents with JRA need to be modified in light of disease severity.
Total joint arthroplasty has proved to be clinically reliable, but long-term studies of cemented designs raise concerns over acetabular loosening and failure. In a follow-up study of 186 cases after 22 years, Lehtimaki and Lehto et al [21] reported survival to be approximately 92% at 10 years and 83% at 15 years in cemented THA. Several groups report acetabular loosening and osteolysis ranging from 26% to 60% [7, 9] . Of 55 hips followed for at least 11 years, Chmell and Scott et al [8] reported survival rates at 15 years to be 85% on the femoral side but 61% on the acetabular side in cemented cups. Stable acetabular fixation with cementless designs is promising but is available only in short-term and intermediate-term follow-up [6, 22, 23, 30] .
More conservative approaches were used in the hope of preserving pelvic bone stock and facilitating potential future revisions. Our findings reveal that gains in acetabular bone restoration are initially feasible but ultimately transient. Early postoperative radiographs show reconstitution of medial wall thickness (PϽ.001). Long-term analysis revealed progressive resorption and loss of position over time, however. These later findings are less optimistic than those reported earlier by Wilson and Scott [13] in a subset of our patients after only 2 to 6 years of follow-up. Similarly, Rogalski and Huebner et al [31] reported in his series of 24 hips resorption of bone-graft over time, and Nakata and Ohzono et al [32] in a study of 65 patients with dysplasia found a 77% rate of migration with bipolar arthroplasties. Brien and Bruce et al [33] noted 11 failures in 18 patients who had undergone a similar procedure in the revision setting and recommended it only as a salvage procedure.
Despite the problem of migration related to medial bone loss and recurrent protrusio, acetabular revisions were mostly straightforward except in the 1 case that required bulk allograft. Acetabular defects were predominantly central and managed readily with morcellized femoral head allograft. The peripheral structure of the native acetabulum often remained intact with an adequate hemisphere for cementless components. Bone stock in the posterior column and superolateral rim was sufficient for a rim fit, and we did not see the more global pelvic osteolysis often associated with loosening of cemented sockets. No cases required revision to a reconstruction cage or other advanced techniques.
Another striking finding in our follow-up study involved the statistically significant association between bead shedding, osteolysis, and failure in the Osteonics HS2P stems (PϽ.001). The stem is a firstgeneration monoblock Osteonics design of chromiumcobalt that has a noncircumferential proximal porous coating. A retrospective review by Cabanela [34] of 20 HS2P stems at 47 months revealed 2 early revisions and 6 other cases with either bead shedding or stem subsidence. In our series, all 10 stems in living patients required eventual revision, and 1 stem was loose at the time of death in another patient, for an overall failure rate of 85%. If these stems are excluded from analysis, predicted KaplanMeier survivorship for all hemiarthroplasties at 10 years approaches 95% and is maintained at 90% at 12 years (95% confidence interval 80% to 100%). Our findings also show that the presence of loose beads represents a significant predictor of failure in bipolar arthroplasty in these components and suggests the need for continued vigilance and early intervention in similar patients at risk.
End-stage hip disease in JRA encompasses all the reconstructive challenges of restoring lasting function in young patients. Bipolar hemiarthroplasty can provide clinical improvement in a subset of surviving hips, and in cases of failure, conversion to fixed sockets has proved amenable to more straightforward reconstruction with cementless components. Concerns continue to surround issues of durability and acetabular lysis, however. Attempts to restore acetabular bone stock rarely are maintained over the long-term even in surviving prostheses. Kaplan-Meier survivorship analysis predicted overall 10-and 12-year survival rates (78% and 72%) to fall short of those reported in THA. The effect of femoral stem design has a significant influence on hemiarthroplasty durability because flaws associated with patch porous-coated stems lead to nearly predictable failure. Bipolar hemiarthroplasty in JRA represents an historic alternative used during an era when solutions to the problem of cemented sockets were evolving. It should not alter the current enthusiasm, however, for cementless THA in patients with JRA.
